abstract
Injuries sustained by unauthorized individuals who jump or fall from the United States-Mexico border fence are frequently treated by trauma centers in border states. The authors investigated patterns of musculoskeletal injury occurring in these individuals to improve emergency department assessment and to identify strategies to prevent future injuries. A retrospective chart review was performed for patients presenting to an urban, level I trauma center with musculoskeletal injuries sustained in a jump or fall from the United States-Mexico border fence between February 2004 and February 2010. Frequency of fracture by site, frequency of open fracture, and associated patterns of injury were recorded. The population was stratified by age and sex to identify disparity in injury pattern. Average length of stay and number of surgical interventions were also recorded. During the study period, 174 individuals who had jumped or fallen from the United States-Mexico border fence were identified. The population contained 93 (53%) women and 81 (47%) men with an average age of 31.5 years (range, 11-56 years). On average (±standard error), men sustained slightly more fractures than women (1.77±0.12 vs 1.43±0.07; P=.015). There were no significant differences in the number of fractures sustained between age groups. Average length of stay for patients admitted to the hospital was 3.5 days. Patients underwent an average of 0.75 surgical interventions during admission. Falls from the United States-Mexico border fence are a significant cause of morbidity among unauthorized immigrants. [Orthopedics. 2017; 40(3):e432-e435.] style fencing (Vivien McLoughlin, email communication, January 2017). Unauthorized individuals frequently attempt to scale these fences to avoid detection by US Border Patrol agents and often do so without the use any safety apparatus. A recent report suggests that the incidence of jumping and falling injuries at the border fence are increasing, posing a public health dilemma. 6 A thorough understanding of these patterns of injury may help emergency department personnel more accurately diagnose and treat this population.
The purpose of this study was to assess patterns of injury, sex disparity, and length of stay in individuals presenting with musculoskeletal injuries sustained in a fall from the international border fence. To the authors' knowledge, no previous studies addressing patterns of musculoskeletal injury in this population exist.
Materials and Methods
After obtaining institutional review board approval, The University of Arizona Medical Center Trauma Registry was queried to identify all patients who sustained falls from the United StatesMexico border fence between February 1, 2004, and February 1, 2010. Unauthorized border crossers who presented after falls while trekking through harsh terrain or were admitted for dehydration or other exposure-related diagnoses were excluded. Injury radiographs and medical records were reviewed. The following data were extracted and analyzed: age, sex, fracture location, type, laterality, presence of open fracture, length of stay, and number of operative procedures.
Fractures were classified by the involved bone or pattern of fracture to include the following: metatarsal, tarsal, calcaneus, talus, rotational ankle injuries, pilon, diaphyseal tibia and/or fibula, plateau, patella, distal femur, diaphyseal femur, proximal femur, acetabulum, pelvic ring, clavicle, scapula, proximal humerus, diaphyseal humerus, distal humerus, proximal radius and/or ulna, diaphyseal radius and/or ulna, distal radius and/or ulna, carpus, metacarpal, phalangeal, and rib. Long bones were divided into thirds such that proximal and distal groupings included fractures of the both epiphysis and metaphysis. Dislocations were recorded by involved joint. Vertebral fractures were classified into thoracolumbar spine (T10-L5), thoracic spine (T1-T9), and cervical spine (C1-C7).
Average number of fractures between sexes was compared using Student's t test. Patients were further divided by sex and into 5 age groups: 10 to 20, 21 to 30, 31 to 40, 41 to 50, and 51 to 60 years. The average number of fractures and frequency of open fracture in each age group were then compared with the total population and between groups with a Student's t test (adjusted for multiple hypotheses). The association between fractures types was assessed using a Monte Carlo simulation, where the number of fractures per patient was controlled, whereas the type of fracture sustained was randomized. The significance of the association was assessed with a 2-tailed test that was adjusted for the multiple hypotheses tested.
Admission was defined as a hospital stay requiring a physician admission or observation order. Where applicable, operative reports were reviewed to determine the number of procedures performed to treat each individual requiring formal, operative intervention. Nonbillable procedures and reductions performed by resident orthopedic surgeons in the emergency department were excluded. All statistical analyses were performed using the Anaconda Python distribution (Continuum Analytics, Austin, Texas).
results
During the study period, 174 individuals who had sustained orthopedic injuries as a result of falls from the United StatesMexico border fence were identified. The study population contained 93 (53%) women and 81 (47%) men with an average age of 31.5 years (range, 11-56 years). The age group distributions were 14 (8%) patients in the 10 to 20 years group, 65 (37.4%) in the 20 to 30 years group, 57 (32.8%) in the 30 to 40 years group, 31 (17.8%) in the 40 to 50 years group, and 7 (4%) in the 50 to 60 years group.
The average±standard error (SE) number of fractures observed in the study population at-large was 1.58±0.07 fractures. Men sustained an average±SE of 1.77±0.12 fractures per individual compared with 1.43±0.07 for women; this difference was statistically significant (P=.015). However, there were no statistically significant differences in average number of fractures between age groups. Overall, fractures of the thoracolumbar spine occurred most commonly, followed by rotational ankle and tibial pilon fractures. Several associated fracture types were observed, including fractures of the thoracolumbar spine and calcaneus (z=15.82) and thoracolumbar spine and tibial pilon (z=21.08). Fractures of the pelvic ring were associated with numerous fracture types, including the thoracolumbar spine (z=13.3), humerus (z=20.5), and radius (z=13.3). In addition, fractures of the diaphyseal tibia and fibula were associated with fractures of the calcaneus (z=6.81).
Of the patients presenting to the trauma center, 144 (82.8%) required admission for management of their injuries. On average, length of stay for admitted patients was 3.5 days (range, 1-15 days) and underwent 0.75 (range, 0-3) surgical procedures. There was no mortality observed in this series.
discussion
The severity of an injury in a fall can depend on the height, nature of the impact surface, and body orientation. 7 Reproducible patterns of injury may be observed between individuals who sustain vertical deceleration injuries from similar height and circumstance. Previous authors have described patterns of injuries that occur in those who jump intentionally with suicidal intent and those who fall accidentally. 3, 4 In the current series, the authors examine several vertical deceleration injuries in individuals who intend to land safely on their feet and continue their journey. To the authors' knowledge, no such series exists to date.
Overall, the injury patterns the authors identified in falls from the international border fence are consistent with patterns found in prior studies of vertical deceleration injuries. In 1948, Ciccone and Richman 8 reported the anatomical distribution of 2709 fractures due to accidents related to parachute jumps. Although fractures of spine occurred much less frequently in their series, the proportion of lower extremity injuries is relatively similar. In addition, fractures of the calcaneus, which are typically thought to occur as a result of axial loading on the heels when landing on one's feet, occurred in 16% of individuals in this study group. This is similar to rates cited in the literature. 3, 4, 8 In addition, concurrent fractures of the calcaneus and spine are reported to occur in as many 10% to 75% of patients who fall from height. 4, 9 The current authors also found a statistically significant association between fractures of the thoracolumbar spine and calcaneus. Surprisingly, they also observed a significant association between fractures of the thoracolumbar spine and tibial pilon fractures, which supports the hypothesis of loading through the appendicular skeleton with subsequent transmission to the spinal column. Fractures of the pelvis are also known to occur during high-energy, vertical deceleration events. 9, 10 This may explain the association of pelvic fractures with other fracture types observed in this series. The observed association between fractures of the diaphyseal tibia and calcaneus was somewhat surprising and, to the authors' knowledge, has not been described elsewhere.
The average number of fractures sustained by male fallers in the current series was significantly higher than that observed in female fallers. This gender disparity is somewhat unexpected but may represent an important difference in border crossing behavior between genders. Sapkota et al 5 have suggested that young, Mexican men are more likely to use dangerous routes and crossing points when attempting to gain unauthorized access to the United States. The current authors believe this variation may be explained by attempts to cross in urban centers where the border fence is highest. Unauthorized immigrant populations entering the United States receive considerable attention in the lay press. The topic of border security and financial costs of unauthorized immigration are frequently debated among policy experts and the efficacy of federal anti-immigration measures remains questionable. 11 This study illustrates the humanitarian and financial crisis faced by trauma centers in the southwestern United States charged with caring for unauthorized immigrants who fall from the international border fence. More than 80% of the individuals represented in this study required hospital admission. The true cost of these admissions is difficult to quantify; however, the overwhelming majority of these individuals are largely or completely unable to pay for their stays and hospitals have no means of recovering the associated expenses once repatriation has occurred.
The current study has several limitations. First, its retrospective nature is associated with inherent inaccuracies of data collection. The authors also assume that individuals crossing the border fence are doing so with intent to land safely on the opposite side. However, human smugglers in the authors' state are known to push, kick, or intentionally drop fence crossers to flee approaching law enforcement agents. Unfortunately, there is no method for separating these individuals from the remainder of the study group. In addition, unauthorized border crossers are transferred to several medical facilities in the authors' area, only the most severely injured present to our level I trauma center. Finally, the current sample size of 172 patients may be underpowered to detect significant differences in injury patterns.
conclusion
Falls from the United States-Mexico border fence are an important, and often underappreciated, cause of musculoskeletal injury in the southwestern United States. Patterns of injury observed in this population are similar to those reported for other populations of vertical deceleration injury. A significant proportion of these individuals require hospital admission but are unable to pay for services rendered, leaving hospitals and physicians uncompensated. Prevention strategies targeting young, Mexican men and women that discourage crossing the international border fence are needed to decrease incidence of border fence related injury and decrease strain on health care systems.
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